Until recent years there was no reliable treatment of ringworm of the scalp which did not involve removal of infected hairs from their follicles by the use of x rays or thallium acetate or by producing a purulent folliculitis. The removal of infected hairs with masses of spores was in itself inadequate to effect a cure, but it so enhanced the effect of local treatment with fungicides that x-ray epilation became the accepted practice of dermatologists and reduced the duration of treatment from an indefinite number of years to one or two months. For example, a series of 100 cases of ringworm of the scalp were treated from Feb. 13 to Sept. 29, 1947, by Dr. McKenny, at St. John's Hospital for Diseases of the Skin, by x-ray epilation followed by the application of Whitfield's ointment and biweekly paintings with tincture of iodine. The x-ray technique was the irradiation of the usual five areas (Kienb6ck-Adamson) with a dose of approximately 400 r to each area at 90 kV, the half-value layer equivalent to 1.4 mm. of aluminium, and focal skin distance 9+ in. (24 cm.), the diameter of the active field being 5 in. (12.5 cm.). All the patients were examined by Wood's filtered ultra-violet light or microscopically, or hoth, to confirm the diagnosis and again about one month later, and then at intervals of two weeks until three examinations had been negative.
The average number of days for a cure was 38.4, but four cases required treatment for 85, 85, 151, and 160 days; thus the average period for cure in the other 96 was 35 days. These results are considered to be highly satisfactory, but they were obtained in a very well equipped and specialized clinic. Moreover, the x-ray technique is tedious and exacting and occupies at least an hour. Under such conditions the risk of any permanent alopecia is negligible and certainly much less than that of toxic reactions to thallium acetate, but the risks have to be borne in mind, and they have always brought anxiety to the doctor and to the parents of children under treatment.
It was therefore disappointing to find in our own experience and in that of Carrick (1946) and others that new and potent fungicides were no more effective in the treatment of scalp ringworm than the older remedies, and it was obvious that this must be due to their failure to penetrate the infected follicles. At first it was hoped to overcome this difficulty by using fat solvents such as acetone, benzene, carbon tetrachloride, chloroform, and alcohol containing iodine or benzoic and salicylic acids, but these met with little success.
The interesting fact that while microsporon infections of the scalp are common in children they are very rare in adults led to the discovery by Stephen Rothman and his co-workers (1946, 1947 ) that a certain fraction of the free fatty acids extracted from adult human hair was capable of inhibiting the growth of Microsporon audoiuini in concentrations of 0.0002-0.0005%. Pelargonic acid was the main constituent of this fraction, but no success followed its therapeutic use, probably because of its lack of penetrating power.
Penetrating Vehicles Attention was therefore directed to the use of penetrating vehicles which might carry an effective fungicide to the base of the hair follicle and make possible the cure of scalp ringworm by simple inunction or even by painting the scalp without preliminary epilation. In recent years this problem has received considerable attention in America. Herrmann, Sulzberger and Baer (1944) and MacKee, Sulzberger, Herrmann, and Baer (1945) have reported on the use of vehicles containing wetting agents to promote skin penetration. MacKee, Herrmann, and Karp (1946) Berry et al. (1944) and which also has a powerful fungicidal action. Phenoxetol is only sparingly soluble in water, and therefore it was necessary to increase the concentration of Crill No. 6 in order to obtain complete miscibility. The concentration of phenylmercuric nitrate was also increased. Another type of ointment base used in America consists of polyethylene glycol, the dermatological applications of which have been described by Hopkins (1946) . This substance* is available in various grades, the lower members being liquids and the higher members having consistencies varying from that of soft paraffin to hard waxes. " Carbowax ' 1500 ' " is a member of the polyethylene glycol series, and is similar in consistency and appearance to white soft paraffin. It is soluble in water but immiscible with mineral and vegetable oils and fats. Carbowax " 1500" will itself dissolve many organic compounds, and by the addition of Crill No. 6 its solvent powers may be increased.
Phenylmercuric Nitrate
In these experiments the preparation giving the best results consists of phenylmercuric nitrate 0.5% in a base composed of carbowax " 1500" and Crill No. 6, the pH being adjusted to between 4 and 5 by the addition of a solution of citric acid and sodium propionate. Unfortunately we have no experimental evidence of the penetrating properties of the carbowax compounds or of the effect of adding wetting agents to ointment bases of this type, but this is a matter which we have under investigation. The hair was cut short and kept short throughout the treatment ; a linen cap was worn for 24 hours continuously; every morning the scalp was washed with soap and hot water and scrubbed with a nailbrush, particular attention being paid to the infected patches. The ointment was applied three times a day with a toothbrush for five minutes.
It was thought that by using a fungicide of high potency in a penetrating base, combined with mechanical irritation aimed at producing active hyperaemia and mechanical epilation, favourable results might be obtained. Phenylmercuric nitrate is a fungicide of high potency. Carbowax combines penetrating properties with pleasantness of application, thanks to its quality of mixing easily with water. The nailbrush, applied with gentle vigour to the affected parts, should help to dislodge the infected hair, which when caught by the coarse bristles should be easily removed from the follicles. This has proved to be correct. The toothbrush is a comfortable applicator, and the friction is another factor in producing irritation. We still consider epilation to be a useful preliminary measure in facilitating penetration within the follicles. X-ray epilation itself does not cure ringworm of the scalp: treatment with fungicidcs must follow to complete the cure. Pustulation and kerion formation cause natural epilation. That is one reason why many cases of animal ringworm are easily cured by local applications alone. The inflammatory response, which occurs much more often in the animal than in the human type of ringworm, also plays an important part in natural cure. It is that entire lack of any local reaction which accounts for the difficulty of eradicating M. audouini infection by local means only.
The clinical appearance of all cases at the beginning of treatment varied between slight scaliness and severe pustulation of the patches. Co-operation of the parents was the first condition of successful treatment. Some mothers refused to cut their children's hair and some were unwilling from the very start to treat their children, and preferred the established x-ray technique. The children reacted very well to treatment, the range of reaction being that of slight erythema and scaling to more or less severe pustulation. Details are given in the Summarizing, the inflammatory action when already present was welcomed, and in cases where it was absent it was intentionally provoked. Patients were at first seen every week ; but later, with mounting experience, they were asked to visit the clinic every three weeks. Improvement could usually be seen between the first and seventh weeks of treatment, this showing itself by thinning of the fluorescent patches and a change in the colour of the infected hair from bright green to white. In our experience when a case became negative it remained so, therefore after the first negative reaction to Wood's light the treatment was continued for only one week and was then stopped. After three negative fluorescent tests the patient was discharged.
It was not always possible to get every patient for threemonthly tests, so that a few cases were followed up for one month only. The Table gives number of days of treatment of the cured cases was 330, the average time for each case being 55 days. Improvement began between the third and eighth weeks of treatment, and once the improvement started it took from two to four weeks for the cases to become negative. There was no relapse. The time of observation was from one to four months. Pustulation occurred in three cases, slight reaction in two, and no reaction in one. In Case 7 the nailbrush was not used. Cases 7 and 8, which failed, were cured by x rays in one and four months respectively. It is interesting to note that Case 8, which was treated locally for 120 days, took exactly the same time for cure after x-ray epilation. It was necessary to carry out several local manual epilations combined with antiseptics to effect a cure.
(b) Cases of M. felineum.-There were 6 boys, 2 girls, and I woman. Eight cases were cured and one failed. The average time of cure was 75 days, excluding Case 17. Improvement began between the first and sixth weeks of treatment. It took one to six weeks for the cases to become negative once the improvement started. The time of observation varied from one to four months. Case 11 showed severe pustulation and refused further treatment. When examined several weeks later this patient was found to be negative to Wood's light; we considered, therefore, that he was cured.
It is interesting to note that there was a differenee of about three weeks in the time of cure between the human and the animal types of ringworm. Variation in the resistance of the individual fungus, and last, but not least, the co-operation of the mother, might be responsible for variations in therapeutic response. Case 17 (M. felineum) started treatment in November, 1946, and was discharged cured in September, 1947. It was impossible to persuade this patient to cut her hair, and the treatment, therefore, was technically very difficult. It was confined to the inunction of ointments into the affected area. Different kinds of ointments were used for a considerable time, but when Ointment No. 1, combined with mechanical epilation, was employed she was cured in six weeks.
(c) Cases 18-21 could not be identified by culture. We cannot therefore make any further comment upon them. except that Cases 20 and 21 were cured by x-ray epilation in five and four weeks respectively.
(d) Case 22.-A 9-year-old girl had suffered from T. endothrix infection for seven months. Clinically she presented widespread inflamed patches over the scalp. The Wood's light test was negative. No identification was possible by culture. Endothrix is notoriously resistant to treatment unless epilated by x rays. Another patient, who rifused x-ray epilation, was treated for nine months with local applications unsuccessfully and had to be x-rayed eventually. Case 22 is all the more remarkable as it became clinically and microscopically negative after 53 days' treatment, and has remained so for the last two months. 50% of their men affected. These figures give a fair picture of the epidemic proportions which ringworm reached in this area. Furthermore, from discussions with colleagues in other parts of the East, I realized that these numbers were typical rather than exceptional for the Tropics.
To reduce this incidence was a military necessity of considerable urgency, in view of the fact that the N.E.I. was an active theatre of operations at the time. This paper describes a successful experiment carried out with 400 British other ranks (B.O.R.s) to test the efficacy of certain preventive measures which were later adopted on a much larger scale, and which may have a wider application to civil life as described later.
In temperate climates ringworm is largely confined to the feet, and from these it spreads to certain selective areas, notably the groins, axillae, and, in women, the submammary regions. In the Tropics, however, it is much more widespread because of the profuse' sweating, and although these selective areas are usually the first and more severely affected the whole of the skin may rapidly become involved. In this way a man might have two or three lesions one morning and within a few hours his body, including the face, might be covered with confluent ringlike figures consisting of vesicles and pustules round the edge of an erythematous area, which in the more severe cases would be moist or even weeping. The effect of this mas to produce intense irritation; the body became covered with scratch marks, and the man no longer efficient as a front-line soldier. An associated and usually severe tinea interdigitalis, consisting of the typical white sodden skin between the toes, sometimes fissured and sometimes partially detached, occurred in 98% of the cases.
